Introduction: Composite-resin are widely used as restorative material in dental practice on daily basis, when it comes to an aesthetic consideration. The purpose of this study is to investigate and compare the light penetration capabilities of three light curing units (LCU) through layers of composite resin using a radiometer. Method: Composites resin discs (2mm thick with 8mm diameter) were cured out of seven different shades. Each speciments were used as barrier, and light source from three different LCUS were then applied through it. Radiometer was used to record the intensities of each LCU. Result: LED.C (Woodpecker™) has the lowest penetration capabilities to pass through the barrier compare to all LCU. The output intensity (mW/cm 2 ) of all LCU has decrease gradually. ANOVA test showed that there was significant result (p<0.01) for each speciment. Conclusion: The differences composite-resin shade could decrease the penetration capability of LCU.
INTRODUCTION
Composite-resin is the most often material that dentist use for best aesthetic tooth restoration. It's activated with photo polymerization techniques. Each composite-resin has their own characteristic and should be cure with appropriate light intensity (mW/cm 2 ).
1,2
Light-emitting diode (LED) and halogen are light curing unit that widely used for dental composite polymerization. It's reported that not all dental composite suitable with LED curing because the spectra of LED is differ from halogen units and the composite resin need to be adjusted to get better result. 3 Composite-resin has some disadvantages such as polymerization shrinkage, humidity environment that difficult to handle, and color instability. 3, 4 To avoid composite-resin disadvantages, dentist should understanding the manipulation technique of its material properties. Most light-polymerized composite-resin contain a camphoroquionone, which initiates polymerization by breaking down into free radicals when exposed to light in the blue spectrum at wavelengths 400-500 nm range. 5, 6 composite-resin failure is not only come from the material components, but could be come from inappropriate technique or method of placement of restoration, and inadequate polymerization. 7 Composite-resin polymerization could be done by light curing unit (LCU). The first generation of LCU are quart-tungsten-halogen (QTH) lamps that operate with white halogen bulb and now varry to laser light, plasma arc, or LED. Dental LED lights typically use indiumgallim-nitride semiconductors that produce a blue light. 8 LED demonstrated advantages in preventing overheating and achieving highly efficient dental composite polymerization.
3,4,8 It doesn't produce alot of heat compared to QTH units and could achieve energy range between 450-490 nm for ideal activating materials that use camphorquinone as initiator. 4 
Energy densities (mWs/cm
2 ) in the product of light intensity and irradiation time, have been suggested to account for variation in irradiation intensity, time and mode. 5 Light units less than 300 mW/cm 2 is not recommended. It will create inadequate polymerization of composite-resin. Light-curing units at lower power density level would decrease the mechanical properties of some resin-based composites. 5, 9 The best method for evaluation of the LCU intensities output is using a radiometer. Fortunately, some newer LCU have a radiometer included the buying package.
9
Some reports have shown that many dentist lights have inadequate output intensity. In the other hand they satisfied enough with the product. Prolonged irradiation time (curing time) may compensate the curing problem. 7, 10 There's some factors that influenced tooth restoration with composite-resin, inlcude depth of cure, light intensity, exposure time, composite material, size, opacity, and shade. [11] [12] [13] This aim of study was to investigate the capabilty of light curing unit to penetrate composite-resin using radiometer.
METHODS
The speciments was build in 2 mm thickness and 8 mm diameter (Figure 1. A) . There's seven shade composite resin used in this study (Dentsply™, Ceram-X mono M1, M2, M3, M4, M5, M6, M7). All composite resin were cured with Demi Light (Kerr™) for 5 seconds from top and bottom part On the surface of the barrier, To polymerize the speciments in same shape and size.
Three Light Curing units was used as a comparation, there's Valo(Ivoclar™), Demi Light (Kerr™), and LED.C (Woodpecker™). Each LCU were checked 20 times with MaxLED radiometer for the peak output intensity (mW/cm 2 ) before used( Table 1) .
All speciments was used separately as a barrier in radiometer to check the capability of light curing unit to penetrate different compositeresin shade (Figure 1 . B). The LCU was used 20 times curing in every speciment and recorded. Curing times was set in fastest mode (Valo= 3 second standar mode, Demi Light= 5 second, LED. C= 5 second).
LCU tip was positioned on the surface of the barrier, and started curing in same position untill end of the test (Figure 1 . C). There's no special holder for each curing but fixed at same position during the test. Statistical analysis of the data was performed using one-way analysis of variance (ANOVA) and t-test.
RESULTS
Without any barrier on radiometer, the highest output intensity was shown by Valo LCU (2800 mW/cm 2 ), meanwhile the lowest intensity was shown by LED.C (1655 mW/cm 2 )( Table 1 ). After several test with different composite resin shade, the output intensity of all LCU has decreased significantly. Our studies (Table 1-5) has found statistically significant differences between the LCU (Without barrier and with the barrier). Table 8 show that shade M6-M7 in Woodpecker LCU has no significant result statistically. ANOVA test show significant result with p<0.01 (Table 4) for comparing the all LCU to penetrate the barrier.
DISCUSSION
Insufficient light curing unit intensity were happen in all around the world. Marovic 14 , reported that several studies shown an improvement of Light Curing Unit qualities. Eventhough, some part of them are not working appropriately and need to be checked regularly. The easiest way to check is using radiometer but these device are known to be innacurate. [14] [15] [16] There's many radiometer that dentist could use for checking the LCU intensity such as Bluephase (Ivoclar Inc.), Demetron radiometer (Kerr Inc.) and else. In this report the MaxLED radiometer was used.
This reports showed that composite thickness will reduce the capability of light curing unit to penetrate the composite. The shade of composite in between M1, M2, M3, M4, M5, M6 and M7 also showed significant result in reducing the capability of LCU to penetrate in each shade. LCU output intensity was decrease more significant on M6 and M7 shade except on woodpecker LCU.`Based on Jadhav 17 report, it was found that shade, thickness, material composition, light intensity, wavelength, exposured duration, size, location and even orientation of the LCU tip are factors that affecting polymerization of resin composite. 17 Thome 18 reported that the darker shades of resin composite the longer of light activation time needed.
18 Both of M6 and M7 resin composite has darker shade than the others composite barriers. It could be a reason why light curing unit output intensity on these shades barrier was lower than others(Table 6-8). Several report support this possibility.
19,20
Table 5 also showed that the barrier could give significant result in according to reduce the light intensity of all LCU. Valo LCU has the highest capability to penetrate the barriers and the LED.C LCU has the lowest mean value ( Table  5) . That condition made Valo LCU is the best LCU for polymerizing resin composite in this research. Mahn 11 , reported that at least need 300mW/cm 2 light intensity to cure 1 mm thickness of resin composite. Garcia 20 has reported that need at least 600 mW/cm 2 power density to ensure 400 mW/cm 2 reaches the first increment of resin composite. All light cure unit in this report has output more than 300 mW/cm 2 as measured by our radiometer. That means all the LCU in this study has enough power to polymerize the resin composite. Furthermore, the clinician can add longer curing time for better polymerization.
21
Our research showed that the change of orientation LCU tip could give a different value on radiometer, especially Demi Light and LED.C that have a tip in the unit. Jadhav 17 has reported that the orientation tip could be a factor that contribute to polymerization failure of resin composite. Our radiometer confirmed that it could be a factor for failure polymerization. Lima 21 reported that its not only closest to the tip of the LCU, but also should throughout the entire resin composite. It means that the clinician should aware with this condition if they want to get better polymerization.
Valo LCU (Table 1 and 2) has the highest output intensity (±2800 mW/cm 2 ) and highest mean value on each color shade (Table 5) . Meanwhile, LED.C LCU has the lowest value (Table 5) . To compensate the lowest intensity, the clinician suggested to give longer curing time.
18,21,22
Ceballos 22 reported that resin composite also influenced by depth of cure. Maximal depth that recommended for resin composite is 2.5 mm. Others study reported that the optimum thickness for resin composite is about 1-2 mm. 20 Our study showed that in 2mm thickness all LCU light intensity could penetrate to the bottom of the specimen.
The optimum distance between light and resin is less than 1 mm with the light positioned at 90 degrees from the composite surface. 18, 20 Our examination have tried to put the tip on the right direction and as close as to the specimen surface. Nevertheless, table 8 showed that the LED.C has no significant result statistically for M6-M7 shade (p>0.01). both of this shade are the darker composition, and that maybe give similar result statistically and could be caused by the lowest intensity that come from the LED.C.
Intensity of curing light is performed by radiometer and can differ in wavelength detected. They also can be adjusted for the measurement of QTH or LED devices. The diameter the circular light sources also depend to the manufacture.
14 Our radiometer has a wide mess around 8 mm and could be used for QTH and LED. However, the Bluephase meter (Ivoclar™) and Cure Rite (Dentsply™) are more closed to the gold standard to check the power intensity of LCU and we believe to try to compare to both of that radiometers in the future.
CONCLUSION
Light curing unit penetration capability to composite-resin barriers was depend on the origin power of LCU output intensity itself. The highest output intensity of LCU would give better result for resin composite polymerization. These findings may have an important message to any practitioners to check their LCU output intensity regularly at least using the radiometer.
